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Impact of brain hemisphericity 
on cognitive performances and 
attention in young healthy 
individuals: Cross-sectional 


observational study 


Sonali Kumari!, Akanksha Saxena” 


ABSTRACT 


Background: Understanding the style of cognition according to the brain 
dominance of students is necessary to keep them active and attentive. The 
study aims to check the cognitive performance and attention of young healthy 
individuals with right and left brain hemisphericity. Methods: This cross- 
sectional observational study was conducted at a physiotherapy institute 
from September 2022 to January 2023. 240 healthy young adults were 
recruited and informed consent was taken. Brain dominance of individuals 
was classified by Cognitive Style Brain Dominance questionnaire, Montreal 
Cognitive Assessment scale and sustained attention by Trail Making Test A, 
and selective attention by Trail Making Test B. Result: Out of the total 
recruited number of participants; 50.4% were male (n=121) and 49.6% were 
female (n=119). The varied brain dominance was seen as Right, Left, and 
Middle brain dominant to be 29.1%, 33.3%, and 37% respectively. The 
Spearman correlation was done for outcome measures which showed that 
medium positive relationship (Q=0.46) between left-brain dominant and 
sustained attention whereas a very strong negative correlation (9=-0.90) 
between selective attention and left-brain dominant. Chi-square examines the 
study parameters and Mean comparison done by Friedman test which was 
statistically significant. Conclusion: There was significant relationship between 
left-brain dominance and sustained attention whereas a negative strong 
relationship between selective attention and left-brain dominance. Hence 


cognition does not depend upon varied brain dominance. 
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1. INTRODUCTION 


The cerebral hemispheres of the individual brain have different processing 
properties and this asymmetry is called hemispheric lateralization (Corballis, 
2009). The concept of brain hemisphericity refers to that every individual has 


a different way of cognition, hand dominance, lateralization of functions, 
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perception, attention, memory, thinking, emotion, and spatial ability (Weisi and Khaksar, 2012). There are numerous types of 
research done on hand dominance, lateralization of function, and spatial ability but no specific research shows cognitive difference 
mainly sustained attention in right and left hemispheric healthy young individuals. 

Brain hemisphericity has relied on four main methods of assessing hemisphericity: Lateral eye movements, electrophysiological 
studies, questionnaires, and cognitive tests. Electroencephalogram, magnetic resonance imaging, and averaged evoked potential are 
different methods for electrophysiological studies. Questionnaires such as SOLAT, CSBD, and Hermann brain dominance 
instrument are used in hemispheric research because they are simple to administer (Beaumont et al., 1984). But no specific methods 
correctly showed the brain dominance of individuals. 

In a study, the CSBD had been used as more reliable (Yacoub, 2017) and for assessing cognition MoCA, TMT A for sustained 
attention and TMT B for selective attention had been used (Ciesielska et al., 2016). Previous study demonstrates a constant and 
linear association between handedness and hemispheric language dominance in healthy people (Knecht et al., 2000). There was a 
study that correlate language and spatial processing of cognitive functions that are asymmetrically distributed in hemispheres with 
handedness in healthy populations (Fléel et al., 2005). Similar study was done to assess the correlation between brain dominance 
and academic achievements (Suresh et al., 2020). 

But no definite evidence to differentiate the cognition and sustained attention in varied hemisphere-dominant young healthy 
individuals because the right hemisphere perceives and remembers tactile auditory and visual images; it’s more efficient in 
progressing holistic, integrative and emotional information and the left hemisphere is associated with logical, mathematical, 
analytical thought and linear processing of information. So, our study aimed to access the varied brain dominance and their relation 
with cognition and sustained attention in healthy young adults. We hypothesized there may or may not be a relationship between 
brain hemiphericity, cognition, and sustained attention in healthy young adults. 


2. MATERIALS AND METHODS 


Participants 

The study was a cross-sectional observational study conducted in a renowned Physiotherapy institute. Although a correlation study 
requires a minimum sample size between 50 and 100, after considering the proportion value from the previous study (Mansour et 
al., 2017). The sample size was estimated to be 200 and present study screened 260 individuals of these, 240 individuals were 
recruited from September 2022 to January 2023. The ethical was approved by Institutional Ethical Committee with a registration 
number IEC/MMDU/2222 and was also registered on Clinical trials with registration CTRI/2022/09/046051. Guidelines of the 
Declaration of Helsinki and National Ethical Guidelines for Biomedical and Health Research involving Human participants given 
by the Indian Council of Medical Research were followed. 

The participants which were included in the study are both male and female healthy young adults of the age group 18-25 years, 
(Grossi et al., 2010) who understand English, (Leonard and Abramovitch, 2008) are alert and attentive, and provide informed 
consent to participate in the study. We exclude individuals with a history of any cognitive impairment (Leonard and Abramovitch, 
2018) and visual impairments, difficulty in reading, and drug use for cognitive behaviour (Biederman et al., 2008). 


Procedure 

The individuals were screened by selection criteria and those who met the criteria were recruited for study and collection of data 
was done between September 2022 to January 2023. The demographic details of individuals were recorded i.e., name, age, gender, 
body mass index (BMI), hand dominance, course, and year of enrolment. Before starting the procedure, participants were explained 
the significance of the study to gain confidence. 

The participants were asked to fill out the CSBD that categorizes individuals into right, middle, and left-brain dominant. The 
total score of the questionnaire is 21 in 0-8 classified left brain dominant, 9-11 middle brain dominant, and 12-20 right brain 
dominant (Rathod et al., 2019). The internal consistency of the tool has been measured by the Kuder-Richardson equation which is 
0.821 (Nithyanantham and Regis, 2021). Afterward, to test cognition and attention MoCA, TMT A and B have been performed. 
Figure 1 represents the study flowchart which is according to STROBE guidelines. 
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Assessed for Eligibility 
(n= 260) 


Excluded (n=20) 
On medication (n=13) 
Loss of interest in study(n=7) 


Participants recruited 
(n=240) 


Lost to follow up (n=0) 


ANALYSIS Analyzed (n=240) 

Y Brain dominance 
questionnaire (n=240) 

Y MoCA (n=240) 

Y Trail Making Test A (n=240) 

Y Trail Making Test B (n=240) 


Co-relation between brain 
dominance with MoCA and Trail 


RESULT 


Making Test A, B 


Figure 1 Flow diagram of the study 


Statistical analysis 

The level of significance was set at < 0.05. To determine the normality Kolmogorov-Smirnov test has been used. The results were 
interpreted in form of frequencies, spearman correlation, pie charts, tables, and graphs. The demographic data was found to be not 
normally distributed (p < 0.001); hence descriptive statistics were demonstrated in the median and interquartile range. For 
continuous variables, the spearman correlation coefficient was calculated and Chi-square for study parameters. For comparison of 


mean difference between varied brain dominance and lateralized functions Friedman test has been used. 


3.. RESULTS 


Two hundred forty young healthy individuals of mean age were included in the present study, to confirm cognition and attention 
according to brain dominance. The median age for healthy young individuals was 21 years (p<0.001). The male exceeds the female 
participants in the study. Right-handed out numbered the left-handed dominant due to the prevalence rate. The listwise brain 
dominance participants were for right (n=70), middle (n=90), and left (n=80). However, Figure 2 shows the frequency distribution of 
brain dominance among the physiotherapist students were right-brain dominants (29.17%), middle-brain dominants (37.50%) and 
left-brain dominants (33.33%). 


Medical Science 27, e297ms3120 (2023) 3 of 8 


ANALYSIS ARTICLE OPEN ACCESS 


BRAIN_DOMINANCE 


Bright 
Blett 
Dmiddle 


Figure 2 The pie chart depicting the frequency distribution of varied Brain dominance 


The Anthropometric measures were given in Table 1 as the median and interquartile range. Spearman coefficient for correlation 
and chi-square for study parameters difference had been ruled out. In Table 2 correlation (Q), for outcome measures was ruled out 
which showed that medium positive relationship (Q=0.46) between left-brain dominant (CSLBD) and sustained attention (TMT A) 
whereas a very strong negative correlation (Q=-0.90) between selective attention (TMT B) and (CSLBD) left-brain dominant. Right 
brain dominance with sustained attention also showed a strong negative correlation (Q=-0.64) and the rest further all show a weak 
positive and negative correlation. 


Table 1 Represents Anthropometric Data at the baseline 


Demographic Profile Median (95% CI) Range p-value 
Age (years) 21 (21.76-21.51) 25-18 <0.001 
Weight (kg) 55 (60.44-67.83) 95-45 <0.001 
Height (cm) 165 (162.91-167.50) | 182-146 | <0.001 
BMI (kg/m?) 20.7 (20.66-21.45) | 33-16 <0.001 
Brain dominance 2 (1.98-2.19) 3-1 <0.001 
Cognitive style questionnaire | 11 (10.52-11.40) 18-4 <0.001 


Table 2 Represents the correlation between variables 


CSBD MoCA (Qe) | TMT A (Q) | TMT B(Q) 
Right brain dominance 0.085* 0.054* -0.64 
Middle brain dominance | -0.086 -0.191 -0.269 
Left brain dominance -0.120 0.42* -0.90 


CSBD- Cognitive style brain dominance questionnaire, MoCA- Montreal cognitive assessment, 
TMT A and TMT B- Trail making test A and B. 


o=Spearman correlation coefficient (*- represents positive correlation) 


Medical Science 27, e297ms3120 (2023) 4 of 8 


ANALYSIS ARTICLE OPEN ACCESS 


In Table 3 chi-square has been used to find the significance of the study parameters for categorical variables to find an 
association between two and more groups among young healthy adults. When a comparison of the association between gender, 
brain dominance, cognition level, and attention was calculated it shows a significant value (p=0.01). Association between CSBD and 
MoCA for attention has been ruled out which shows significant value. TMT A for sustained attention and TMT B for selective 
attention have been found which depicts that there was an association between brain dominance and attention of healthy young 
adults. 


Table 3 Represent Chi-square difference between CSBD questionnaire and other study parameter. It shows significant p value 
(<0.05) 


CSBD (cognitive style brain 


dominance questionnaire) 


Variables | X? df p-value 
MoCA 2.64 | 140 
TMTA | 1.91 | 1204 
TMT B 1.71 | 1078 | 0.01* 


* Significant association between variables. 


CSBD- Cognitive style brain dominance questionnaire, 
MoCA- Montreal cognitive assessment, 

TMT A and B- Trail making test A and B 

X?=Chi- square, df=Degree of freedom 


Table 4 and Figure 3 show a comparison between Right, Middle and Left-brain dominance with lateralized functions i.e., 
cognition, sustained and selective attention. Right and left hemisphere scores when compared with cognition, sustained and 
selective attention showed statistically significant difference (p<0.05) but middle brain dominant when compared with lateralized 
functions showed non-significant difference (p>0.05). 


Table 4 Comparison of varied Brain Dominance with Lateralized functions using Friedman test 


P MoCA TMT A TMT B p- 
Brain dominance 
Mean rank | Mean rank | Mean rank | value 
Right dominant 2.33 1.59 2.09 0.00** 
Left dominant 2.22 1.94 1.84 0.02** 
Middle dominant | 2.14 1.91 1.95 0.27 


** Significant difference at the 0.05 level 
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Figure 3 Bar graph displaying comparison of varied brain dominance with lateralized functions 


4. DISCUSSION 


In the current study, we examined hemispheric lateralization, which describes how one cerebral hemisphere processes information 
more effectively than the other and suggests that some functions are differentially represented in the two sides of the brain. 
Hemispheric lateralization is thought to benefit individuals by increasing brain efficiency and populations as a whole by promoting 
social coordination and constructive actions among individuals (Guillén et al., 2019). Here, we focus on cognition and sustained 
attention—core functions that underlie much everyday life tasks and explore the impact of cerebral dominance on their regulation. 
This study emphasizes the effect of brain dominance on cognition and attention in young adults. 

Many other studies correlate brain dominance with other lateralization functions. There was study on left-brain dominance on 
higher secondary students and results showed that left brain dominance individuals have moderate relationship between academic 
achievements and dominance (Nithyanantham and Regis, 2021). The correlation (Q), showed medium positive relationship between 
left-brain dominant (CSLBD) and sustained attention (TMT A) whereas a very strong negative correlation between selective 
attention (TMT B) and (CSLBD) left-brain dominant. Right brain dominance with sustained attention also showed a strong negative 
correlation and the rest further all show a weak positive and negative correlation. 

Previous literature rules out that hemispheric asymmetries and individual differences for language and spatial attention which 
indicate that handedness regulates behavioral performances in tasks. Verbal task are performed better by right-handed individuals 
and non-verbal task were done by left-handed individuals (O’Regan and Serrien, 2018). Hence, this study focuses on the brain 
dominance and their regulation on attention and cognition which shows statistically linear relationship between hemispherical 
brain dominance and the student’s mental actions or processing of acquiring knowledge and understanding through thought, 
experience, and sense. 

According to the present study, students who are right and left-brain dominants showed significant difference between 
cognition, selective and sustained attention which denotes that right and left hemispheric have different way of style towards 
cognition, sustained and selective attention but no significant difference between middle hemispheric dominant and lateralized 
functions. A pervious study performed among MBBS and BDS students who correlate the relationship between academic 
performances with hemispheric score which showed non- significant mean difference. Despite middle brain hemisphere this study 
showed significant mean difference between right and left-brain hemisphere with lateralized functions. As cognition and attention 
plays vital role in academic achievements which depend upon hemispheres of brain (Khanal et al., 2023). 
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A positive relationship between cognitive styles was not found although Chi-square has been used to examine the study 
parameters of brain dominance, cognition, selective and sustained attention which shows there is a significant association between 
them. Real-world attention-related tasks require the ability to ignore a range of distractions and prevent attention from shifting to 
other activities that differ from individuals’ perspectives. Previous correlation analysis demonstrates that the undergraduates’ 
reading skills, writing skills, and speaking abilities were favourably connected with their hemisphere dominance (Nair and Lee, 
2016). 

These all abilities are part of cognition and hence, the current study concludes that there is no direct relationship between varied 
brain dominance and sustained attention a core part of cognition. According to studies that examined the pattern of information 
processing in children based on hemispheres, boys had right hemisphere preference and girls had left hemisphere preference 
(Iqbal-Hydrie et al., 2021). Other literature investigates the hemispherical brain dominance and its relationship with academic 
achievements where findings were right brain dominants have significant difference in their grade point (Suresh et al., 2020). 

Brain dominance and hand preferences showed right handers demonstrate left brain dominance as they are more analytical and 
logical. Left-handed students have right brain dominant who have character of above average ability in mathematics and problem 
solving (Joven et al., 2020) but this study highlights the importance of understanding varied brain dominance in young adults, it 
would assist teachers in implementing different teaching methods to improve and facilitate student learning. 

We attempted to perform the study in a medical setting because there is little literature on the correlation between brain 
hemisphere and lateralization of functions, as previous studies correlate the lateralization of function according to the handedness 
of individuals. We evaluated the participants’ performance based on a single test, although longitudinal measurement of cognition 
and attention progress would have been more accurate. The sample size of the study was small according to a cross-sectional 
observational study, more outcome measures can be included, and results are influenced by varied dominance, hence further 


research can be done with a wide age group with other domains. 


5. CONCLUSION 


The study was done to find out the varied hemisphere dominance among physiotherapy young adults and the hemispheric 
relationship between two core lateralized functions in the brain- cognition, and attention. This showed that the cognition and 


attention of individuals doesn’t depend upon their brain dominance as it varies among individuals. 


Abbreviation 

CSBD- Cognitive style of brain dominance 
TMT A and B- Trail making test A and B 
MoCA- Montreal cognitive assessment scale 
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